Purpose Aphasia
Aphasia is a language disorder that results from damage to portions of the brain that are responsible for language processing. For most right-handed people, these language areas are located in the left hemisphere of the brain. One of the most common causes of aphasia is stroke, aphasia occurring in 25% to 30% of stroke patients 1 .
Language therapy
Speech and language therapists (SLTs) use a variety of therapeutic approaches to improve verbal communication, generally during the first year post-onset. Although some consider Cognitive-Linguistic Therapy (CLT) as a "practice standard" 2, 3 , little is known about the optimal timing and intensity of this therapy, nor about the underlying reorganisational processes in the brain (neuroplasticity) of language function recovery.
Language recovery
Recovery from aphasia is thought to occur in two ways: through recruitment of perilesional brain regions in the affected left hemisphere (LH) and/or through the recruitment of homologous areas in the unaffected right hemisphere (RH). Some studies however suggest that for real language recovery, the LH needs to eventually resume its role in language processing 4 . Prolonged involvement of the RH may indicate a maladaptive process, inhibiting the LH in resuming its role language in language processing. The influence of language therapy in this dynamic recovery process has not been assessed yet in patients following therapy compared with patients without therapy.
The purpose of this study is to assess the involvement of the RH in language processing in response to intensive cognitive linguistic treatment in chronic aphasic patients using functional Magnetic Resonance Imaging (fMRI).
Methods and Materials

Patient population
From December 2010 to December 2011, 7 severe and 5 mild chronic ( Figure 1 ) aphasic patients (mean age 57y, 7 male) who met the inclusion criteria ( Figure 2 ) were enrolled in our study. Time post-onset ranged from 1 to 3 years post-onset. All patients were righthanded as assessed with the Edinburgh Handedness Inventory (EHI) questionnaire.
Imaging and language assessments
For functional imaging patients were scanned twice on a 3.0T MR system (MR750 Discovery, GE Healthcare, Milwaukee, WI, US) using a T2*w GE EPI sequence (TR/ TE 3500/30 ms). Before each MRI session, language function was assessed with an extensive test battery. To proceed with patient inclusion, patient's scans were examined after the first MRI session by an expert neuroradiologist to exclude patients with right hemispheric cortical lesions. Patients who were candidate for our study were randomised to follow intensive cognitive linguistic treatment (CLT) or no treatment (no CLT) during four weeks.
fMRI paradigm
In order to visualise hemispheric language processing, patients performed two auditory blocked design tasks: rhyming and semantic decision. Both tasks used tone decision as a control condition. For the rhyming decision task paired words were presented. Patients were instructed to press a button each time the paired words rhymed (Figure 3 ). For the semantic decision task two words were presented, patients were instructed to press a button each time these words were semantically associated (Figure 4 ).
Therapy
Patients randomised for therapy received CLT for 4 weeks that consisted of BOX, a semantic therapy programme and /or FIKS, a phonological therapy programme. The therapy was applied partly individually by the SLT, and partly as homework, totalling 7 hours per week. Patients randomised to not follow therapy were asked to not perform any exercises that are focused on their language deficit.
Statistical analyses
Imaging data were analysed using Statistical Parametric Mapping 8 (London, UK). Preprocessing steps consisted of realignment, coregistration, segmentation, normalisation and smoothing.
After preprocessing individual statistical t-contrast maps were calculated for pre-and post-therapy datasets.Lateralisation indices (LI) were calculated using the number of significantly (p<0.001) activated voxels in language regions (Figure 5 ) of the LH and RH according to (LH-RH)/(LH+RH). The final lateralisation indices from both tasks were averaged per each session.
Images for this section: Initial language activation was right-lateralised in 6 patients, more commonly in severe (5/6) than in mild (1/4) aphasic chronic patients.
Language lateralisation in patients with therapy
Lateralisation indices for patients with therapy before (T 0 ) and after (T 1 ) therapy are shown in Figures 6 (rhyming decision task) and 7 (semantic decision task).
Four out five treated patients showed a leftward change on both language tasks of their language activation in the post-treatment session (mean LI for both tasks and all four patients T 0 :-0,61; LI T 1 :-0,12). One patient (C1) showed a shift from right to left lateralised activation in the rhyming task (LI T 0 :-0,88;LI T 1 :0,01; Figure 10 ), whereas the other patients either became more left-lateralised (C4) or less right-lateralised (C7, C14). Only in one treated patient (C13), initial left-lateralised language activation in both tasks became somewhat less left-lateralised in the post-treatment session.
Language lateralisation in patients without therapy
Lateralisation indices for patients without therapy before (T 0 ) and after (T 1 ) the control period are shown in Figures 8 (rhyming task) and 9 (semantic task).
Three out of five patients (C2, C8, C12) showed no consistent change in language lateralisation on both tasks. In one patient without therapy (C11), initial right-lateralised language activation in both tasks became somewhat less right-lateralised in the posttreatment session (mean LI T 0 :-1; LI T 1 :-0,93). One patient (C15) showed a rightward shift of activation in both tasks, from initial left-lateralised activation to right-lateralisation in the second MRI session.
Conclusion
Chronic aphasia is commonly associated with prominent RH language involvement. Language therapy in chronic aphasia seems to be associated with decreased involvement of the RH in language processing. Future efforts are to correlate language improvement with hemispheric involvement in a larger study population.
